dL is sufficient to supply peripheral cholesterol needs [2] . By comparison, the plasma LDL-C level in human newborns has been reported to range from 40 to 50 mg/ dL [3] . To determine the lowest LDL-C level that may be reached therapeutically without causing harm, further studies regarding the clinical state of patients with low serum LDL-C are warranted.
Both low and high serum total cholesterol (TC) levels have been reported to be associated with increased mortality, thus demonstrating a U-or J-shaped relationship [4, 5] . CVD represents the major cause of death related to high TC concentrations, whereas non-atherosclerotic conditions, including cancer, hemorrhagic stroke, and liver disease, are mortality causes associated with low TC levels [6, 7] . In a 23-year prospective cohort study, when deaths during the first several years of followup were excluded, only the association between low TC and hemorrhagic stroke remained [5] . Among various clinical factors, high blood pressure (BP) and alcohol consumption increased the risk for hemorrhagic stroke in subjects with low TC [5, 8] . Most guidelines for the treatment of hypercholesterolemia recommend a target LDL-C level of < 70 mg/dL in patients with very high risk for CVD [2, 9] . An intensive therapeutic strategy has led to very low LDL-C (≤ 40 mg/dL) in statin-treated subjects in many clinical trials of intensive statin treatment; however, an increased incidence of intracerebral hemorrhage (ICH) has not been confirmed [10] [11] [12] [13] [14] . The Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) trial showed an increased incidence of ICH in subjects treated with 80 mg of atorvastatin after a recent (within 1 to 6 months) stroke or transient ischemic attack [15] . Nevertheless, no association was found between the risk for ICH and the baseline or recent LDL-C level in statin-treated patients [16] .
Hypocholesterolemia may be defined by a serum TC level lower than the 5th percentile for age and gender, or by the cut-off value that predicts an adverse prognosis by epidemiological studies [17] . The 5th percentile for TC for males in the United States is 131 to 154 mg/dL, and the 5th percentile for LDL-C in Western countries is about 90 mg/dL [18] . Although hypocholesterolemia is not uncommon, it is frequently overlooked. Its prevalence varies according to populations and reaches 2% to 3% in the general population and 6.2% in patients hospitalized in the department of internal medicine [19] . Additionally, data are lacking regarding the clinical meaning of a very low serum LDL-C level. Further research concerning very low LDL-C of primary and secondary origins may lead to important clinical implications for hypolipidemic therapy.
In the present study, we conducted a hospital-based retrospective database analysis to evaluate the clinical characteristics of subjects with very low serum LDL-C, and we compared the risk for ICH using various clinical parameters in subjects with LDL-C levels ≤ 70 mg/dL.
MethoDs
We reviewed the electronic hospital records of subjects who visited Jeju National University Hospital between January 2005 and March 2011 and who received routine biochemical tests, lipid profiles (including LDL-C), body anthropometry, and vital sign assessments.
We selected subjects whose LDL-C level was ≤ 40 mg/ dL. We excluded patients with systemic infectious or inflammatory disease, trauma, primary or secondary brain tumor, type 1 diabetes, or acute systemic illness; pregnant subjects; and patients who had received thrombolytic therapy during hospitalization when a lipid profile was measured.
To compare the risk for ICH according to the serum LDL-C level, we collected clinical data from subjects with an LDL-C level between 41 and 70 mg/dL. Because the present study was cross-sectional and the causal relationship between a low LDL-C level and ICH could not be easily explained, we considered both the sequence of LDL-C measurement and ICH, and the time frame and interval between the date of available low or very low LDC-C levels and the event. Thus, when we evaluated the incidence of ICH in the study subjects, we did not include ICH events occurring before or longer than 6 months after an LDL-C level was measured. Data are presented as means ± standard error.
ResuLts
Serum LDL-C levels were measured in 34,415 sub- 135 mg/dL). In 2,579 subjects, serum LDL-C was ≤ 70 mg/dL, and 315 subjects had serum LDL-C levels ≤ 40 mg/dL. We excluded 1,620 subjects according to the exclusion criteria. A total of 959 subjects with a serum LDL-C level ≤ 70 mg/dL were included in the present study. They were divided into two groups based on serum LDL-C levels: a very low group (≤ 40 mg/dL; n = 250) and a low group (41 to 70 mg/dL; n = 709). We focused our analysis on subjects with very low LDL-C to determine the clinical characteristics in these subjects.
Characteristics of subjects with very low serum LDL-C Table 1 shows the demographic and clinical characteristics of the subjects with very low serum LDL-C levels (≤ 40 mg/dL). Their mean age was 61.5 years, and about 70% were male. More than half had diabetes, and twothirds of the subjects had hypertension. These findings indicate that more patients with cardiometabolic disease and/or CVD were subjected to serum LDL-C measurement in the hospital. In addition, 66 subjects (26.4%) had CKD, 39 subjects (27.2%) had cerebral infarction, 51 (20.4%) had liver disease, and 36 (14.4%) had a malignancy. Despite the markedly low LDL-C level in these subjects, the mean serum TG level was relatively high (224.3 ± 20.4 mg/dL). About half of the subjects with very low LDL-C were current statin users, whereas very low LDL-C was attributable to other causes in the remaining subjects in this group. 
Comparisons of clinical characteristics between statin users and subjects with spontaneous hypocholesterolemia
The subjects with very low LDL-C levels were divided into two subgroups according to their use of cholesterollowering agents ( Table 2 ). The statin user group (n = 129) comprised subjects who were using a cholesterollowering agent, which in all cases was a statin, and the spontaneous group (n = 121) comprised subjects who were not using a cholesterol-lowering agent. Compared with the statin users, the spontaneous group had lower mean values for age, body mass index, and serum levels of HDL-C, LDL-C, and albumin; a higher serum TG level; a longer prothrombin time (PT); and higher prevalence rates of frequent alcohol consumption (24.0% vs. 6.6%, respectively; p < 0.001) and liver disease (27.1% vs. 13.2%, respectively; p < 0.01). The stain user group had a higher incidence of cardiometabolic disease and/ or cardiovascular complications, which may be an important reason for their use of statins and anti-platelet agents.
Factors associated with a very low serum LCL-C level
We evaluated correlations between the serum LDL-C level and other factors in subjects with very low LDL-C. High-sensitivity C-reactive protein (hsCRP), total bilirubin, alkaline phosphatase, aspartate aminotransferase, and alanine aminotransferase levels showed negative correlations, whereas HDL-C and albumin levels showed positive correlations with the LDL-C level in subjects with serum LDL-C concentrations ≤ 40 mg/ dL (Table 3) . After adjusting for all of the above factors in addition to age and gender, linear regression analysis showed that the serum LDL-C level was associated with the total bilirubin level (β = -0.265; p = 0.001).
When we evaluated the same correlations in subjects with very low LDL-C and without a history of hypolipidemic therapy, the correlations of the LDL-C level with the hsCRP, total bilirubin, and HDL-C levels remained significant (Table 4) .
ICh incidence in subjects with very low and low serum LDL-C levels
Patients with hypocholesterolemia have been reported to have an increased risk for hemorrhagic stroke [8, 21] . Among the 250 subjects with very low LDL-C, three ICH cases were identified, none of whom were statin users (Table 5 ). However, because of the low number of ICH cases, the difference between the statin and spontaneous groups did not reach a level of significance (p = 0.091). Nevertheless, these results suggest that compared with a spontaneously very low LDL-C level, a statin-induced very low LDL-C level does not lead to an increased risk for ICH. When the analysis was extended to include subjects with a low serum LDL-C level, 13 additional ICH cases were identified among 709 subjects with serum LDL-C levels of 41 to 70 mg/dL (Table 5) . Eight of these cases were statin users (n = 296), and Values are presented as number (%) or mean ± standard error.
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; PT INR, prothrombin time international normalized ratio; aPTT, activated partial thromboplastin time.
five cases had no history of hypolipidemic drug treatment (n = 413, p = 0.808). Taken together, the 16 ICH cases were represented by eight subjects from the statin user group and eight from the spontaneous group, with no difference in the incidence of ICH between these groups ( Table 5 ). The incidence of ICH was comparable between subjects with LCL-C levels ≤ 40 mg/dL and subjects with LDL-C levels of 41 to 70 mg/dL (data not shown).
The clinical characteristics of the 16 ICH cases are summarized in Table 6 .
Factors associated with the development of ICh in subjects with LDL-C ≤ 70 mg/dL
In a multiple stepwise regression analysis after adjustments for age, gender, alcohol use, hypertension, ESRD, chronic liver disease, statin use, and LDL-C, only ESRD showed a tendency to be associated with ICH in subjects with serum LDL-C levels ≤ 70 mg/dL (odds ratio, 2.59; 95% CI, 0.74 to 9.02; p = 0.135) (data not shown).
DIsCussIon
The causes of primary hypocholesterolemia include certain disorders resulting from genetic mutations in the pathways of cholesterol absorption, biosynthesis, or metabolism; for example, abetalipoproteinemia, hypobetalipoproteinemia, Tangier disease, chylomicron retention disease, and inherited disorders of cholesterol biosynthesis [18] . The causes of secondary hypocholesterolemia comprise anemia, hyperthyroidism, malignancy, chronic hepatitis B or C infection, other liver diseases, critical illness, serious stress, malabsorption or malnutrition, acute or chronic infection, chronic inflammation, and use of some drugs [18] . Although direct causal relationships have not been clarified, hypocholesterolemia can result in adverse events such as increased mortality, ICH, cancer, infection, adrenal failure, and mental disorders [18, [22] [23] [24] [25] . Therefore, with the practice of intensive lipid-lowering therapy and Values are presented as number (%).
LDL-C, low-density lipoprotein cholesterol.
the tendency toward increased indications for statins, optimal cholesterol levels and the clinical importance of hypocholesterolemia should be considered [17, 26, 27] .
In the present study, we evaluated the clinical characteristics of subjects with very low LDL-C levels of ≤ 40 mg/dL. We chose this LDL-C concentration as a cutoff value because levels close to this can be achieved with intensive statin therapy in some patients with very high cardiovascular risk [13, 28] . Among the study subjects with very low LDL-C, about half were statin users. A significant proportion of the remaining subjects, who had very low LDL-C without statin or other hypolipidemic therapy, had one or more chronic illnesses, consistent with previous reports [18] . Compared with the statin users, the spontaneous group with very low LDL-C had more cases of chronic liver disease and frequent alcohol consumption.
Some concerns exist regarding an association between statin use and ICH [16] . In one study, a history of hypercholesterolemia and statin use was associated with decreased risk for ICH, and no definitive evidence was found to support an increased risk for ICH despite the widespread use of statins [29] . Furthermore, an increase in hemorrhagic stroke was not observed in longterm statin secondary prevention trials that examined hemorrhagic stroke as a secondary endpoint [30] [31] [32] . The incidence of hemorrhagic stroke was ≤ 0.5% in both the placebo and statin-assigned groups.
A post-hoc analysis of the SPARCL trial data showed that the risk for hemorrhagic stroke increased with high-dose atorvastatin treatment after a recent stroke [16] . In particular, having a hemorrhagic stroke as the entry event increased the ICH risk, whereas the risk was not associated with the post-treatment LDL-C level, even for very low levels (< 40 mg/dL) [16] . In the German Diabetes and Dialysis Study involving patients with type 2 diabetes mellitus undergoing hemodialysis, more patients died of stroke in the atorvastatin group than in the placebo group [33] . However, in that study, the fatal stroke was mainly ischemic type; the incidence of fatal hemorrhagic stroke tended to be lower in the atorvastatin group compared with the placebo group [33] . In the present study, the incidence of hemorrhagic stroke was not associated with the LDL-C level or statin use in patients with LDL-C levels ≤ 70 mg/dL.
Taken together, the present data suggest that post- Interval from the confirmed very low or low serum LDL-C level to incident intracerebral hemorrhage.
statin hypocholesterolemia, regardless of the level, is not associated with the development of hemorrhagic stroke. Instead, an underlying condition may cause hemorrhagic stroke in subjects with a low LDL-C level. Nevertheless, in subjects with hemorrhagic stroke at initial presentation, less aggressive therapy may be considered when a statin is indicated [14] . The present study has limitations. First, the data were collected retrospectively from hospital records only; later cases of ICH might have been missed. Second, our results were usually based on a single LDL-C measurement, which can be different during acute versus subacute stages of illness [18] . A single-point study cannot reflect the stage of illness. Although we did not describe in detail the change in the LDL-C level in study subjects, the spontaneous group showed relatively consistent LDL-C levels, whereas statin users showed some variation according to drug compliance and other factors. Third, we used direct LDL-C measurement data, not LDL-C calculated using the Friedewald formula. This led to a significant selection bias because direct LDL-C measurements are not generally included in lipid profile reports. Most of our data were from internal medicine, neurology, neurosurgery, and rehabilitation departments. Fourth, the demographic and clinical data of subjects without ICH whose LDL-C level was between 41 and 70 mg/dL are not emphasized in the present study because our primary goal was to evaluate the causes and clinical characteristics of a very low LDL-C status.
In conclusion, in a hospital record review, we found that about 1% of subjects whose LDL-C levels were measured had an LDL-C level ≤ 40 mg/dL. Additionally, about half of these subjects had a very low LDL-C level without a history of hypolipidemic therapy and had a high incidence of chronic systemic illnesses such as viral hepatitis and alcoholic liver disease. The incidence of ICH was not associated with statin therapy or the LDL-C level.
